Purpose The Patient-Reported Outcomes Measurement Information System (PROMIS Ò ) provides adult and pediatric self-report measures of health-related quality of life designed for use across medical conditions and the general population. The purpose of this study was to examine the feasibility and validity of the PROMIS
due to improved neonatal care and associated increased survival rates of low birth weight infants [3] .
The high prevalence of CP in the pediatric rehabilitation population and the large number of ongoing clinical trials [4] underscore the need for quality outcome measures in CP. Existing instruments have serious limitations, including limited responsiveness to intervention and ceiling effects [5, 6] . Reliance on proxy report is another limitation of existing outcomes in children, and child report is equally important to parent report in overall outcomes assessment. Cognitive testing studies support child-reported outcomes, finding that children as young as 6 years of age can accurately report on their own health status [7] and understand subtle differences among ordinal response scales choices [8] . Clarity and brevity of assessment is a priority in self-report of children with CP, for whom fatigability or physical limitations may contribute to difficulty in completing traditional surveys. These factors indicate a need for modern measurement tools that are written at an age-appropriate level, measure outcomes in a way that is relevant to children, and are brief while maintaining high levels of validity, reliability, and sensitivity.
The Patient-Reported Outcomes Measurement Information System (PROMIS Ò ) aims to address this need for efficient and meaningful pediatric outcome measures by developing contemporary instruments of health-related quality of life that are freely available to the public. PROMIS Ò , a NIH Common Fund initiative, was started in 2004 to advance the science and application of PatientReported Outcomes (PROs) across chronic diseases [9, 10] . PROMIS Ò measures employ modern computer technology and item response theory (IRT) to develop brief measures that assess constructs across a wide-ranging spectrum of severity. PROMIS Ò has generated computer-adaptive tests (CAT) based on calibrated ''item banks,'' or large sets of items organized along unidimensional hierarchies from very low to very high levels of symptoms/ability. For example, the PROMIS Ò Pediatric Mobility item bank has 23 items that range from low (e.g., I could get out of bed by myself) to high functioning (e.g., I could run a mile). After the first CAT item, the computer selects subsequent items based on previous responses. In this way, CAT administration is dynamically tailored to the respondent, administering a small selection of items (5) (6) (7) (8) (9) (10) (11) (12) to generate a precise estimate of what the individual's score would have been had they taken all items. Each PROMIS Ò domain also has a short form, a static form with the most informative and content-balanced item bank items (determined through IRT) that cover the full measurement range.
Recent work has focused on expanding PROMIS Ò in pediatric populations [11] [12] [13] [14] , and PROMIS Ò currently includes measures of 9 pediatric domains for use with children 8 years and older. PROMIS Ò pediatric instruments were developed and calibrated in a community sample of 4,129 children diverse in terms of gender, age, race/ethnicity, and medical/psychiatric diagnosis [15] . However, only 35 % of children in the normative sample endorsed one or more chronic illnesses and, of those, the most common medical conditions were asthma (18 %), Attention Deficit/ Hyperactivity Disorder (4.6 %), and arthritis (2.9 %) [15] . Therefore, the sample used to develop and calibrate the PROMIS Ò Pediatric Mobility item bank did not have a significant representation of children with physical disability associated with a neurological condition, such as CP.
PROMIS Ò was designed to be ''generic'' so that it could measure functioning across populations. As such, the PROMIS Ò emphasizes issues and symptoms that are universal to everyone across different domains of functioning (e.g., physical, emotional, and social functioning). It does not take a disease-specific approach to measuring outcomes, which would place emphasis on measuring functioning within specific conditions. There is concern that generic health-related quality of life measures may not be appropriate for use by individuals with significant impairment in a specific domain [1] , and the validity of PRO-MIS Ò measures needs to be established in groups that were not previously studied [16] . Therefore, it is important to examine the validity of the PROMIS Ò Pediatric Mobility CAT and Short Form in children with CP. Thus, the aim of this study is to determine the feasibility and validity of the PROMIS Ò Pediatric Mobility instruments in a sample of 82 children with CP, by examining:
1) The internal reliability and distribution characteristics (e.g., floor/ceiling effects) of all measures and the administration feasibility of the PROMIS Ò Mobility CAT in CP (indicated by test length and administration time).
2) The construct (i.e., convergent) validity of PROMIS Ò measures by correlation of PROMIS Ò scores with performance-based and self-and parent-report legacy measures.
3) The construct validity of PROMIS Ò measures through ''known group'' method, by testing whether PRO-MIS Ò mobility measures are able to distinguish GMFCS levels.
Method

Procedure
This study is part of a larger prospective study on the responsiveness of PROMIS Ò instruments to orthopedic surgery at 8 collaborating sites (6 Shriners Hospitals for Children (SHC), Children's Hospital Boston, and Cincinnati Children's Hospital Medical Center). The study began at the 6 SHC sites, which had a strong infrastructure for data collection due to an ongoing study of responsiveness of the Shriners Hospitals for Children CP-CAT (described in the ''Measures'' section). SHC sites were selected based on the number of children with CP and their geographic location. The two non-SHC sites were added to help with enrollment. In total, 189 children with cerebral palsy who were scheduled to undergo orthopedic surgery were screened for the study. Of those cases, 97 children met the eligibility requirements. The primary reasons that children with CP who were undergoing eligible surgeries were deemed ineligible were being under 8 years of age and an inability to self-report due to cognitive impairment. The study enrolled children ages 8-21 years with CP undergoing elective orthopedic surgery to improve lower or upper extremity functioning. Exclusion criteria included: orthopedic surgery to simply improve positioning, pain and\or spasticity, cognitive impairment that limited the ability to read/understand questions, primary language other than English, functional limitations due to meningitis, brain tumors, or acquired injuries and\or disease of the brain. Each site obtained local Institutional Review Board approval. Prior to enrollment, parent written informed consent and child assent were provided. All instruments were administered just prior to surgery and again at three time points aligned with routine visits through the first 24-months after surgery; only pre-surgical ''baseline'' data were used in this study.
Data collector training
To ensure consistency across sites, one clinician with expertise in pediatric motor assessment trained all data collectors (physical or occupational therapists) according to a standardized research protocol. Bi-weekly calls throughout the data collection period provided opportunities to discuss study procedures.
Sample
The sample consisted of 97 children and their parent/ guardian who completed the baseline measures. Fourteen children were candidates for upper extremity surgery, completed a different battery of outcomes measures related to upper extremity-specific surgical goals, and were excluded from analyses. Of the 83 candidates for lower extremity surgery, 82 had completed one or both PRO-MIS Ò measures and were included in analyses. Mean age at surgery was 12.67 years (SD = 2.96; median = 13.00, range 8-19 years). Most children were male (n = 47, 57.3 %) and White (n = 64, 78.0 %); Black (n = 10, 12.2 %); Asian (n = 5, 6.1 %); American Indian (n = 1, 1.2 %); Hawaiian, Pacific Islander (n = 1, 1.2 %); Other (n = 1, 1.2 %).
Measures
Child self-report Children independently completed the PROMIS Ò version 1.0 pediatric Mobility CAT and Mobility Short Form on a stand-alone computer. Mobility items use a common stem: ''In the past 7 days I could…'' followed by a specific activity. The five response options range from ''no trouble'' to ''not able to do'' (see Fig. 1 for all response options). Like all PROMIS Ò instruments, these are scored on a T metric with a normative mean = 50 and SD = 10. The PROMIS Ò CAT default setting was used, which administered a minimum of five items and only stopped administering items when a standard error of \0.40 (indicating a minimum level of precision in estimating the person's ''true score'') or when a maximum of 12 items were completed. The Mobility Short Form is made up of a static set 8 of the 23-items of the Mobility item bank, with a possible T score range between 14 and 59 [17] . These measures were developed and validated in a racially diverse sample of 3048 children, aged 8-17 years [17] . The PROMIS Mobility measure has been shown to be feasible and valid in a clinical sample of children with cancer [18] . Children also completed the Pediatric Quality of Life Inventory TM (PedsQL TM ) Cerebral Palsy Module Version 3.0 [14] , a measure with well-established reliability and validity [19] that was designed to assess health-related quality of life across seven domains in children with CP. The subscale examined in this study, movement/balance, is the mean of 5 items that assess ability to move arms, legs and body and balance while sitting and standing.
Parent report
Three parent-report measures, the Shriners Hospitals for Children (SHC) CP-CAT (hereafter called SHC CP-CAT) [20] , the Gillette Functional Assessment Questionnaire (FAQ; walking scale) [21] , and the Pediatric Outcomes Data Collection Instrument (PODCI) [22] , served as proxy measures of child mobility (the PODCI and FAQ are publicly available). The SHC CP-CAT was developed by the SHC to evaluate the rehabilitation and orthopedic outcomes of children with CP and includes measures of activity, upper extremity skills, lower extremity skills, and global physical health [20] . The lower extremity scale has 85 items that assess basic mobility, transfers, and ambulation skills that were written by content experts with knowledge about typical orthopedic interventions and outcomes in CP as well as by parents of children with CP; the items were exposed to iterative cognitive testing to ensure comprehension of items [23] . Similar to PROMIS Ò , the SHC CP-CAT is scored on a T metric and uses CAT technology to administer few items to arrive at a precise score, resulting in a brief and accessible measure. It uses a five-point ordinal response scale ranging from ''without difficulty'' to ''cannot do'' and has strong test-retest reliability and concurrent and ''known groups'' validity in CP [24, 25] . The SHC CP-CAT was programmed to administer 15 items and was administered to 72 of the 82 cases.
The FAQ walking scale is a single-item 10-level measure of child's mobility ranging from non-ambulatory (1 = ''not able to take any steps at all'') to independently ambulatory in the community (10 = ''walks, runs, and climbs on level and uneven terrain without difficulty or assistance''); it has demonstrated good reliability and validity in children with walking disability [21] . The PODCI provides subscale scores on upper extremity function, pain, happiness, satisfaction, expectations and on two subscales used in this study: (1) the transfer/mobility subscale consists of 11 items that assess basic mobility, such as toilet and bed transfers, standing independently, walking short distance, and climbing a flight of stairs, and (2) the physical functioning subscale consists of 12 items that assess ability to engage in more intense physical activity such as riding a bike, walking long distances, scaling multiple flights of stairs, and participating in group sports activities.
Examiner administered
Trained examiners administered two performance-based physical activity tests, the Timed Up and Go (TUG) [26] and the Gross Motor Function Measure (GMFM) [27] . For the TUG, the examiner recorded the time it took for a child to rise from a chair, walk straight for 3 meters at a normal pace, and return to and sit in the chair. TUG scores were recorded as the average time (seconds) across three trials. The TUG has demonstrated excellent reliability (ICC = 0.99), discriminant and convergent validity, and responsiveness to change in children with and children without physical disabilities [28] . The GMFM, developed to assess five domains of gross motor ability in children with CP, has been shown to have good reliability, validity, and responsiveness to change in CP [29] . For the two subtests administered in this study, Walk/Run/Jump and Stand, the examiner rated the child's completion of physical tasks based on a 4-point scale where higher scores indicate higher functioning. Examiners, who were trained to use the Gross Motor Function Classification System-Expanded and Revised instruction manual (GMFCS-E & R) [30] , provided a GMFCS [31] score, which rates ambulatory ability on a 5-point scale (See Table 1 ). Examiners determined GMFCS scores through direct interactions with participants and parents. The GMFCS-E & R has demonstrated excellent content, convergent, and predictive validity and inter-rater and testretest reliability [32] [33] [34] [35] .
Data analysis
Distribution characteristics, including frequency of scores at the floor (theoretical minimum) and ceiling (theoretical maximum) of the measure, were calculated for all measures. Cronbach's alphas were calculated to give an estimate of internal consistency; levels of at least 0.70 were considered acceptable [36] . Construct validity was examined using zero-order correlations of PROMIS Ò measures with legacy measures that are theoretically related (convergent validity). To assess construct (i.e., discriminant) validity, we tested how well the PROMIS Ò instruments discriminated between ''known groups'' with the expectation that mean scores on a valid measure should differ between GMFCS categories. Analysis of variance (ANOVA) procedures, with post hoc Tukey honestly significant differences tests for multiple comparisons, were used to compare PROMIS Ò scores by GMFCS level. Because TUG scores were not normally distributed, a Kruskal-Wallis (K-W) nonparametric test was used to test differences between GMFCS categories and the MannWhitney U test was used to determine significance between pairs of categories. Thirty-three children (40.2 %) had a GMFCS score of I, 32 (39.0 %) had a score of II, 14 (17.1 %) had a score of III, 2 (2.4 %) had a score of IV, and 1 (1.2 %) had a score of V; categories III, IV, and V, were collapsed for analyses into a single category due to low frequencies.
Results
All measures demonstrated acceptable levels of internal consistency (Table 2) . Consistent with GMFCS scores suggesting overall high levels of mobility, across the measures, there was a higher rate of ceiling effects compared to floor effects. PROMIS Ò had lower frequency of ceiling effects compared to all survey measures except for The average number of PROMIS Ò CAT items administered was 6.70, and did not differ across GMFCS categories (Table 3) . Approximately 70 % of children with GMFCS scores II-V discontinued the CAT after the minimum number of items (5), whereas 42.4 % of those with a GMFCS score of I discontinued after five items. In contrast, nearly 20 % of those in the GMFCS I category and less than 6 % of those in the GMFCS III-V category completed the maximum number of CAT items (12) . Average time to complete the measure ranged from 1.35 to 2.10 min, with those with highest level of mobility taking the longest.
Construct validity Correlations between PROMIS
Ò and legacy measures are depicted in the first two rows of Table 4 with correlations among the legacy measures in lower rows. PROMIS Ò mobility measures were highly correlated with each other and moderately correlated with the legacy child self-report measure, the PedsQL. Correlations between PROMIS Ò measures and parent self-report measures of mobility ranged from 0.38 to 0.60, with relatively higher correlations observed for the Short Form compared to the CAT. Correlations between performance-based measures of mobility were small for the Short Form and non-significant for the CAT.
Known groups analysis Table 5 shows that the PROMIS Ò Short Form and all legacy measures were able to distinguish between GMFCS categories. PROMIS Ò CAT scores did not show significant mean differences between the groups. Mean scores on the PROMIS Ò Short Form and CAT were comparable for the GMFCS I category; however, compared to the CAT, the Short Form showed lower mean scores in the GMFCS II and III-V categories. In fact, for the GMFCS III-V category, the average Short Form score is approximately SD lower than the CAT score.
Supplementary analyses
Given the findings that the PROMIS Ò CAT did not correlate significantly with performance-based measures of mobility and did not distinguish between known mobility groups, we examined some characteristics of the CAT administration in this sample. To estimate the location of CAT items (i.e., difficulty of the item along the hierarchy from low to high mobility), we averaged the four beta weights for each item from the source/calibration manuscript [17] . Table 6 depicts the 23 items of the PROMIS Ò CAT arranged according to location. The first item administered to everyone, ''I could do sports and other exercise that kids my age could do,'' has a high level of difficulty. Response patterns to the first item of the CAT by known mobility capacity (Fig. 1) indicate that nearly equal proportions of children with no mobility limitations (59.4 % of GMFCS I) and of children with mobility limitations requiring a mobility aid (58.8 % of GMFCS III-V) responded that they had ''no trouble'' or ''a little trouble''. Also notable, the items administered with the highest frequency are clustered near the upper half of the location distribution. In fact, the CAT did not administer seven of the lowest difficulty items. Furthermore, some of the lowest difficulty items that were administered (e.g., items with locations of 13, 14, 17) were administered at higher frequencies in the GMFCS I category than in the GMFCS III-V category. 
Discussion
The PROMIS Ò instruments were designed to provide efficient, flexible, reliable, and precise measurement of health-related quality of life across medical conditions. The goal of this study was to examine the feasibility and validity of the PROMIS Ò Mobility Short Form and CAT in children with CP. Results support the construct validity of the PROMIS Ò Short Form. It demonstrated moderate to large correlations (r's ranging from 0.48 to 0.60) with the self-and parent-report legacy measures, and moderate correlations with performance-based measures of mobility (r's ranging from 0.30 to 0.39). The PROMIS Ò CAT demonstrated good convergent validity when compared with child self-report and parent-report legacy measures; however, it did not correlate significantly with any of the performance-based measures. The strength of these associations should be interpreted within the context of previous findings that correlations between child self-report measures tend to be higher than between child-report measures and either parent-report [37] [38] [39] [40] or performancebased measures of physical functioning [37, 41] .
In regard to discriminant validity, known groups analyses showed that the PROMIS Ò Short Form was able to distinguish between GMFCS categories. Remarkably, the PROMIS Ò CAT was the only study measure that was not able to distinguish between GMFCS categories. Mean mobility scores for GMFCS I, the highest mobility group, are similar for the Short Form and CAT, but only the Short Form showed expected changes in mean scores for GMFCS categories II and III-V such that the lowest mobility group has a mean score that is nearly 1 SD lower than the category with the highest mobility. In contrast, the CAT did not show changes of similar magnitude across the GMFCS categories; the difference between the highest and lowest mobility group is less than SD (i.e., 4.36 points). This suggests the possibility that the Short Form and CAT have similar accuracy in children with good mobility, but that the CAT is less accurate than the Short Form in children with functional limitations. The pediatric PROMIS Ò measures were developed and normed in a sample that did not have a significant representation of children with physical disability [17] . Therefore, calibration of the PROMIS Ò CAT, including starting point (first item), was calculated in a sample of children whose average mobility ability was markedly different from the pediatric CP population. In this study, seven of 23 mobility items were never administered by the CAT. Furthermore, the unused seven items were lower difficulty items related to the use of mobility aids (''I used a walker, cane, or crutches to get around'') and basic transfer skills (''I could get in and out of a car''). These items are highly relevant to measuring mobility in a sample of children with CP, particularly those with lower mobility. In this sample, these items were not administered to those children who use mobility aids (GMFCS III-V).
Response patterns to the first CAT item indicate that children with high mobility (GMFCS I) report little to no trouble doing ''sports and other exercise kids [my] age could do'' at rates that are similar to children with low mobility (GMFCS III-V). This item may be displaying Differential Item Functioning (DIF) and future work should conduct formal tests of DIF for all items in this item bank in children with CP compared with children from the general population. It is important to understand whether children with CP interpret the question differently from children in the general population. Cognitive interviewing, which requires the respondent to ''think aloud'' while answering survey questions, can provide insight into how specific items are interpreted to identify problems with item content [42] and has been used to remedy problems with self-report measures in children with physical disabilities [43] . Cognitive interviewing was conducted as part of the SHC CP-CAT development process and revealed that parents were concerned that items relating to sports and advanced physical activity were not applicable to their children and that many items were difficult to answer because they were overly complex and/or ambiguous [23] . Cognitive interviewing of the PROMIS Ò CAT was performed in diverse populations, but was not focused on children with mobility impairments. Additional cognitive interviewing, which was not conducted as part of this study, may provide some insight into how PROMIS Ò items relate to children with CP. For example, the first item may not be relevant to this clinical population due to its emphasis on sports and exercise. ''Sports and exercise'' may be ambiguous and open to interpretation (e.g., wheelchair basketball is a sport, working with resistance bands is exercise). Similarly, ''kids my age'' could refer to any kids of a similar age, including other children with CP, who may constitute a large proportion of a child's social network with which they are making comparisons.
The fact that the PROMIS Ò Short Form performed better than the PROMIS Ò CAT suggests that the PROMIS Ò CAT stopping rules stopped the test too soon before a precise estimate of mobility could occur. By adjusting the stopping rules to allow for administration of more items, the PRO-MIS Ò CAT may perform satisfactorily, assuming the items do not display significant DIF in children with CP. Future work is necessary to determine whether adjusting the 
PROMIS
Ò CAT discontinue rules, such as increasing the minimum and maximum number of items and/or decreasing the critical standard error would change how the CAT administers the item bank in children with limited mobility. Additional work may also indicate the need for CP-specific CAT calibrations or forced item inclusion to guarantee inclusion of CP-relevant item content in CAT administrations. Until more is known about how to improve the performance of the PROMIS Ò pediatric Mobility CAT in children with CP, clinicians and researchers working with this population may elect instead to use a Short Form version of the measure. This would alleviate any concerns they may have about using the CAT and the Short Form showed good convergent and discriminant validity.
This work does not suggest that all CAT instruments function poorly in CP, but item choice and stopping rules may be important. The other CAT-administered measure in this study, the SHC CP-CAT (parent-proxy assessment), showed excellent construct validity. Notably, the SHC CP-CAT required all respondents to complete 15 items compared to an average of 6 for the PROMIS Ò CAT. Had the PROMIS Ò CAT required as many items, it may have performed comparably. Other differences between these two measures are that the SHC CP-CAT is characterized by (1) parent-proxy administration, which is usually more closely associated with performance assessments, (2) calibration in children with CP, which may optimize item selection better than a more diverse calibration population, and (3) item development that was focused entirely on mobility as it relates to children with CP.
In terms of administration feasibility, the PROMIS (\2 min) in this sample, which is consistent with CATadministration characteristics found in adults with moderate physical limitations [44] . This may suggest good accessibility of this measure in children with CP where lengthy selfreport measures might present additional burden due to the physical limitations of the respondent. However, the fact that the CAT administration did not take long is reflective not just of feasibility, but also of a problem with the CAT not administering a sufficient number of items to arrive at an accurate score. Indeed, those with the greatest mobility limitations (GMFCS III-V) completed the PROMIS Ò CAT relatively more quickly because the CAT administered fewer items in this group compared to those with higher mobility capacity, resulting in a poor estimate of mobility for the lowest mobility group.
Approximately one in five children had the maximum possible score on the PedsQL TM , and two of the parentreport measures, the PODCI and FAQ, demonstrated similarly high rates of ceiling effects. In contrast, rates of ceiling effects were relatively low for the SHC CP-CAT and PROMIS Ò measures. Ceiling effects indicate failure to detect variability at the high end of the mobility spectrum and that a measure should not be used to assess treatment outcomes (because there is no room for improvement). As such, compared to the legacy measures considered here, the SHC CP-CAT and PROMIS Ò measures may demonstrate better responsiveness to change.
This study has a number of strengths. We collected mobility data from children and parents, and through performance-based measures. This allowed us to examine the validity of the PROMIS Ò instruments against measures providing different methods of assessing mobility. One study limitation is that the sample had a relatively small representation of children with significant mobility limitations (GMFCS III-V), as these children typically do not undergo orthopedic surgery for improved function but for cosmesis, comfort, and/or pain and were excluded by design. This study also excluded children with cognitive impairment that hindered their ability to self-report. Future work is needed to determine how best to write items for and obtain self-report in children with cognitive impairment.
In conclusion, results support the validity of the pediatric PROMIS Ò Mobility Short Form in children with CP and show that the PROMIS Ò instruments have lower rates of ceiling effects compared to legacy measures except for the SHC CP-CAT. The PROMIS Ò Mobility CAT can be quickly administered to children with CP and although it correlates well with child report and parent-report of mobility, it does not correlate with performance-based measures or discriminate between known mobility groups. Further work is needed to determine whether adjustment to default CATadministration settings improve the performance of the PROMIS Ò Mobility CAT in this clinical population.
